Since the discovery of mesoporous materials with pore openings in the range of 2-10 nm, the organic-inorganic hybrid materials have become increasingly attractive from both the theoretical and application viewpoints. [1] [2] [3] [4] [5] In particular, the ability to rationally design hybrid materials with meso-scale periodicity is of interest, as it allows structural control at the molecular level. The packing and dynamics of long-chain polymethylene compounds intercalated in layered materials has also attracted attention on account of the resemblance between these systems and biological membranes and liquid crystals. Therefore, some materials exhibit characteristic transformations such as trans-gauche transitions of the alkyl chains and monolayer-bilayer phase transitions, which are triggered by heating or soaking in solvents. [6] [7] [8] [9] Intercalation of surfactants in a variety of layered solids has been reported. The application of these systems as crystalline models of lipid membranes has been suggested because the intercalated bilayer bears a striking resemblance to lipid bilayers, which are an integral feature of biomembranes.
Since the discovery of mesoporous materials with pore openings in the range of 2-10 nm, the organic-inorganic hybrid materials have become increasingly attractive from both the theoretical and application viewpoints. [1] [2] [3] [4] [5] In particular, the ability to rationally design hybrid materials with meso-scale periodicity is of interest, as it allows structural control at the molecular level. The packing and dynamics of long-chain polymethylene compounds intercalated in layered materials has also attracted attention on account of the resemblance between these systems and biological membranes and liquid crystals. Therefore, some materials exhibit characteristic transformations such as trans-gauche transitions of the alkyl chains and monolayer-bilayer phase transitions, which are triggered by heating or soaking in solvents. [6] [7] [8] [9] Intercalation of surfactants in a variety of layered solids has been reported. The application of these systems as crystalline models of lipid membranes has been suggested because the intercalated bilayer bears a striking resemblance to lipid bilayers, which are an integral feature of biomembranes. [10] [11] [12] Recently, we reported a new example of organic-inorganic hybrids, Cu(C n H 2n+1 SO 3 ) 2 ․zH 2 O where z = 4 for n = 10, 12 (group (I)) and z = 2, for n = 14, 16, 18 (group (II)), in which inorganic copper(II) hydrate layers alternate with long-chain alkylsulfonates layers that are structurally flexible. 13, 14 This system is of particular interest because the structural packing varies drastically depending on the length of alkyl chains. The layer-to-layer distance can be easily and rationally altered by choosing an appropriate alkyl chain length; shorter alkylsulfonates yield an interdigitated monolayer structure with shorter periodicity (group (I)), whereas longer chains yield a non-interdigitated bilayer structure with longer periodicity (group (II)). The structures formed by these materials make them promising candidates for model biomembranes.
Here, we report a reversible monolayer-bilayer phase transition in long chain, lamellar cobalt(II) dodecanesulfonate, which is controlled by simply soaking in solvent. This structural phase transition was characterized by using a combination of powder X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR). The purpose of this work was to investigate for structural controlling on the molecular-level by soaking in solvent. sample was prepared by simply adding 3.0 mmol of CoCl2· 6H2O to 100 mL of 8.0 mM aqueous sodium dodecanesulfonate solution at room temperature. After a short time, a pink precipitate began to form. The precipitate was filtered, washed with deionized water and then dried under vacuum at room temperature for 6 hr. CHNS elementary analysis was used to confirm the product. Analysis observed (calculated) for C24H58O10S2Co (Co12-H2O): N, 0.00 ± 0.01 (0.0); C, 46.23 ± 0.01 (45.77); H, 8.84 ± 0.01 (9.28); S, 10.13 ± 0.01 (10.18) . The agreement between the theoretical and observed elemental composition indicated that the Co12-H2O sample was Co(C 12 H 25 SO 3 ) 2 ․4H 2 O. And then, two consecutive experiments were conducted to investigate the solvent effect: 1) Co12-H2O was dispersed in 20 mL of acetone and the mixture was stirred for 3 days, giving the Co12-Act sample; and 2) Co12-Act was dispersed in 50 mL of water and the mixture was stirred for 1 week, yielding the Co12-rehyd sample. The Co12-Act and Co12-rehyd samples were obtained by filtered, washed with acetone and deionized water, and then dried under vacuum at room temperature for 6 hr, respectively. The crystal structures and their alkyl chain structures of the lamellar inorganic-organic hybrid assemblies were analyzed by Powder X-ray diffraction (XRD, MAC Science, MXP3A-HF) using Cu Kα 1 radiation and the FT-IR spectra (Perkin Elmer 100 FT-IR spectrometer), respectively. Figure 1 shows the powder X-ray diffraction patterns of Co12-H 2 O, Co12-Act and Co12-rehyd. The powder XRD patterns all exhibit intense (00l) reflections in the low 2θ range, corresponding to the stacking periodicity, indicating that all of the compounds have a lamellar structure. The other reflections are much less intense, which is characteristic of long-chain materials. Comparison of the XRD patterns reveals that the organic layer of the Co12-H 2 O sample undergoes a drastic structural change in solvent. There are two notable features extracted from the XRD patterns shown in , indicating that this phase does not contain acetone and contains two molecules of water rather than four molecules in the original monolayer phase. The second feature is that the bilayer phase reverted into the monolayer structure by rehydration (d = 1.86 nm). The mono-bilayer transformation reversibly takes place in two solvents. To check the monolayer or bilayer structure, we examine the one-dimensional electron density map, ρ(z), of the Co12 compounds (right side of Fig. 1) . 15 As expected, in all samples the alkylsulfonates were located in the galleries between the inorganic layers. However, upon comparison with the electron density of Co12-H2O and Co12-rehyd, an absence of density in the center of Co12-Act can be noticed ( Fig. 1(b) ), indicating that the alkylsulfonates in the latter compound closely resemble a paraffin-type bilayer lipid.
Experimental Section

Results and Discussion
Vibrational spectroscopy of alkyl chain assemblies such as alkylsulfonate provides information on the metal-anion coordination, the chain conformation, and the packing of the alkyl chains. Hence, we inspected the infrared spectra of Co12-H2O, Co12-Act and Co12-rehyd (Figure 2 ). The spectral features and positions are similar for all of the Co12 samples, and no signatures of the presence of acetone are apparent. All the spectra exhibit features in the wavenumber regions 3100-3500 cm -1 and 1000-1250 cm -1 , which correspond to the vibrations of hydrogen-bonded water molecules and the stretching vibrations of SO3 group, respectively.
In the H-bonding region (3100-3500 cm -1 ), Co12-H2O and Co12-rehyd (Fig 2(a) and 2(c) ) show a broad band centered at 3380 cm -1 due to H-bonding, whereas Co12-Act exhibits two well-separated strong absorptions. These findings indicate that the coordination environment in the aqua Co(II) layer in Co12-Act is completely different from that in Co12-H2O and Co12-rehyd. In the special region (1000-1250 cm -1 ) corresponding to the SO 3 stretching vibrations, on the other hand, changes in the frequencies characteristic of the fundamental and the split ν3 S-O stretching modes are observed. 16 The two strong bands observed in this region can be assigned to the symmetric ν s (SO 3 ) and antisymmetric ν as (SO 3 ) stretching vibrations of the sulfonate group, respectively. The νs(SO3) mode is observed at 1049, 1055, and 1048 cm -1 for Co12-H2O, Co12-Act, and Co12-rehyd, respectively. The observation of this mode at lower wavenumber for Co12-H2O and Co12-rehyd than for Co12-Act indicates the formation of hydrogen bonds between SO 3 − ion and water. In addition, the ν as (SO 3 ) modes of Co12-Act are more split, which likely reflects a change from a monodentate binding mode of sulfonate to a bidentate mode.
Moreover, the exact characteristic peak of the scissoring band δ(CH2) around 1467-1473 cm -1 provides information on the packing arrangement of the alkyl chain. 17, 18 For Co12-H2O, Co12-Act, and Co12-rehyd, the scissoring bands appears as a single narrow peak at 1472, 1467, and 1472 cm -1 , respectively, indicating the subcell packing of the alkyl chain is hexagonal for Co12-H2O, Co12-rehyd but triclinic for Co12-Act. These changes of subcell packing have a close relation with the monolayer-bilayer phase transition, as shown in Figure 3 .
In conclusion, the solvent-induced monolayer-bilayer transitions in our experiment are accompanied by the simultaneous changes in the amount of water molecules, the binding modes of νas(SO3), and the subcell packing of alkyl chains. This mono-bilayer transition of alkyl chain assemblies is reversibly controlled by soaking in two solvents. This phenomenon can be understood by considering the size of the cobalt(II) coordination sphere. The Co12-H2O compounds have four hydrated water molecules and two monodentate sulfonate head groups whose coordination sphere is large; thus, interdigitation of the alkyl chains allows the sulfonate head groups to be spaced well apart. By contrast, the Co12-Act has two water molecules and two bidentate sulfonate head groups whose coordination sphere is much smaller, which favors formation of a paraffin-type bilayer in which the sulfonate head groups are much closer to each other and the surfactant tails are not interdigitated. Soaking in nonpolar solvent acetone perturb the hydrophobic interaction of alkyl chains of amphiphilic assemblies. This give rise to change of binding mode of SO3, and then induces the mono-to-bilayer phase transition. On the other hand, soaking the bilayer phase in water as solvent, which interpenetrate to hydrophilic region, yield to tetrahydrate coordination environment, and then return to original monolayer phase.
